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ABSTRACT 

Significant p rog re s s  has  been made during th is  pas t  year  in  the areas 
of the two tasks  - Collisionless Shock Waves and Ba r ium Cloud Dynamics. 
A review paper  enti t led "Collisionles s Shocks in P l a s m a s  " has  b e e n  g r e -  
pa r ed  and published in the Annual Review of Fluid Mechanics,  Vo'P. 111, f 971 
Severa l  fac to rs  which influence the l inear  stabil i ty of bar ium ion clouc's 
have been investigated including the stabil i ty as  a function of position a r o u n d  
the cloud, and the stabil ization provided by the p resence  of a conductiing 
E-region.  Some analytic work on the non-linear equations has  also p r o -  
vided some  insight into the steepening of the backside of bar ium ion clouds 
and the development of magnetic-field-aligned shee t s  hanging back from the 
ion cloud in the direction of the neutra l  cloud. P a p e r s  and talks p r e p z r e d  
with support  of Contract  NASW -2 040 a r e  listed. 
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I. SUMMARY O F  WORK PERFORMED 

Work under this con t rac t  during the pas t  y e a r  ha s  p rog re s sed  both 
i n  Task  A - Collisionless Shock Waves,  and Task  B - Bar ium C1olu.d I+- 
namics.  A s u m m a r y  of the scope of this  p rog re s s  i s  given below, The 
principle r e su l t s  of this  r e s e a r c h  a r e  contained i n  the two r epo r t s  "P l a sma  
Cloud Striat ions " (Linson,  1970a) and "Collis ionles s Shocks in P l a s m a s  ' I  

( F r i edman  e t  al. , 1970) which a r e  included with this  f inal  repor t ,  It i s  
expected that  r e s e a r c h  under  both of these  genera l  t a sk  a r e a s  m i i l l  continue 
under a continuation of this  contract  and present ly  unfinished portions of 
this  r e s e a r c h  will  be published. 

TASK A - Collisionless Shock Waves 

The p r i m a r y  effort  under th is  t ask  was  the preparat ion of a review 
paper  enti t led "Coll isionless Shocks in P l a s m a s "  which has  been published 
in  &the Annual Review of Fluid Mechanics,  Volume 111. This   fried ma^ 
e t  al. , 1971) was  p r epa red  by Lewis M. Linson and Herbe r t  W. Friedman 
with the ass i s tance  of H a r r y  E. Petschek and Richard  M. Patr ick,  

The scope of th is  paper  i s  to p r e sen t  a review of exper imental  and 
theore t ica l  work  on shock waves in p lasmas  where  c l a s s i ca l  coPZisions 
a r e  unimportant. The ro le  of dissipation and d i spers ion  in determining 
shock s t ruc tu r e  i s  descr ibed  and s e v e r a l  mechanisms  which can provide 
the  required dissipation in coll isionless p lasmas  a r e  discus  sed. Obser- 
vations of col l i s ionless  shocks produced in l abora tory  exper iments  as  
wel l  a s  the  E a r t h ' s  bow shock occur r ing  natural ly  in space  a r e  described. 
C r i t e r i a  a r e  given when a shock m a y  be considered thin so  a s  to be 
t r ea t ed  a s  a discontinuity fo r  flow field calculations. Exper imental  and 
theore t ica l  a r e a s  whe re  m o r e  work  i s  needed a r e  pointed out. 

The pr incipal  conclusions of th is  r e s e a r c h  effort  a r e  contained in 
the s u m m a r y  of th is  pape r  which we reproduce here .  

We have s een  that  shock waves ex i s t  in an ionized 
fluid flowing a t  super-Alfvenic speeds with a s ca l e  length m ~ c h  
s h o r t e r  than the  coll isional  mean  f r e e  path. A p r i m a r y  goal of 
col l i s ionless  shock r e s e a r c h  i s  to de te rmine  fo r  what conditions 
shocks a r e  thin and thus appear  a s  a discontinuity in the fluid 
descr ipt ion of the  flow. F o r  low Mach number ,  low P, perpen--  
d icular  shocks,  the shocks a r e  very  thin, of the o r d e r  10 R = 
10c/wpe whereas  fo r  a l l  o the r  conditions, i. e. , higher  ~ a c g  
number ,  (3, and/or oblique propagation, the  shock i s  th icker ,  
on the o r d e r  of Ri = c/wpi. Since the ra t io  of R i  to Re i s  just 
the  squa re  root  of the  m a s s  ra t io ,  the  th icker  shocks a r e  only 



four t imes the thinner shocks for  hydrogen. F o r  moderate 
Mach number,  the quantity Ri i s  comparable to the ion gyro 
radius (based upon flow velocity) since the ion gyro radius 
= MA Ri. Thus practically speaking, the thickness of 
collisionless shocks i s  always comparable to o r  l e s s  than 
the ion gyro radius. F o r  flow scales  which a r e  large compared 
to the ion gyro radius,  a fluid description i s  valid for the 
overal l  flow and the shock can be t reated a s  a discontinuity 
in the collisionless fluid. Investigation of the shock s t ruc ture  
on the other  hand, requires  a full kinetic description taking 
into account various turbulent dissipation mechanisms. 

The dissipation which must  be present  in the shock 
s t ruc ture  in o rde r  to satisfy the Rankine-Hugoniot conditions 
a r i s e s  f rom the interactions of the par t ic les  with turbulent 
waves which a r e  generated and amplified in the shock. For 
low Mach numbers ,  dispersion effects determine the initial. 
gradients in the shock while dissipation fixes the total  shock 
thickness. A t  high Mach numbers,  dispersion i s  unimportant 
and dissipation alone determines the shock structure.  

Three  types of turbulent dissipation have been 
observed and progress  has  been made on understanding two 
of them. For  perpendicular, low P shocks below the cr i t ical  
Mach number M'~ ,  ion acoustic waves a r e  driven unstable by 
t r ansve r se  cur rents  and the resulting turbulence sca t te rs  a n d  
heats electrons. This anomalous resistivity i s  sufficient to 
account for  the required dissipation. A t  Mach numbers 
grea ter  than M':', ions a r e  heated a s  a resul t  of a viscous - 
like mechanism which i s  neither well  documented nor  well 
understood. For  oblique shocks, a turbulent spectrum of 
whistler waves i s  observed in the shock front which appears 
to have a sufficient amplitude to sca t t e r  the ions an amount 
necessary  to account for  the required dissipation. Hence, 
f o r  oblique and high Mach number perpendicular shocks, ions 
a r e  heated directly in the shock. 

More work i s  needed to obtain a bet ter  understanding 
of the s t ruc ture  of collisionless shocks. Laboratory experi-  
ments could provide detailed measurements  of the turbulence 
which occurs  in the shock front. Theoretical work, which 
has been guided in the past  by experimental observation, should 
progress  to the point where cr i t ical  tes t s  of theoretical ideas 
can be suggested. As a result ,  experiments which explore 
the dependence of the shock thickness and s t ruc ture  on various 
parameters  e. g . ,  me/mi and wce/wpe, would be useful. As 
examples of m o r e  detailed comparisons of experiment and theory 
which should become more  prevalent in the future we cite the 
comparison made by Daughney et  al. (1970) with the predicted 
spectrum of Kadomtsev (1965), and the comparison of the 



theoretically predicted shock thickness made by Kral l  and 
Book (1969) with the resul ts  obtained in severa l  different 
experiments. 

The most  significant advance in the study of the 
Earth1 s bow shock will come f rom multiple satell i te probes 
which allow the separation of spatial  f rom temporal  var ia -  
tions and the determination of the polarizations of the tu r -  
bulent fields and wave vectors. Only then can meaningful 
measurements  be made of the shock thickness and turbulent 
wavelengths so that Doppler shifts can be inferred. 

The mechanism which leads to the anomalous ion 
viscosity in perpendicular shocks for  Mach number grea ter  
than M':' s t i l l  remains to be explained. In addition, more  
theoretical work i s  needed in o rde r  to explain the ion heating 
which occurs  in oblique shocks due to whistler wave turbul-, 
ence. A t  high Mach number (MA - 5 - 10) the relative 
importance of (electromagnetic) whistler wave turbulence 
and fine scale  (electrostat ic)  ion acoustic wave turbulence 
in providing dissipation needs to be crit ically assessed.  
Fur thermore ,  the a r e a  of very high Alfven Mach number 
where the energy contained in the magnetic field i s  insignificant 
a s  compared to kinetic energy i s  becoming m o r e  relevant a s  
the possibility of forming electrostat ic  shocks, a topic not 
discussed in this review, i s  being actively investigated. 
The next few years  should provide a considerable increase  
in our  understanding of the above phenomena. 

The above summary  represents  a f a i r  assessment  of the cur rent  
status of understanding of the s t ruc ture  of collisionles s shock waves. 
It provides the basis  for  formulating future work. We  shall  in- 
vestigate the role of e lectrostat ic  and electromagnetic instabilities in 
providing the anomalous ion viscosity which must  be present  in the 
higher Mach number shocks. 

TASK B - Barium Cloud Dynamics 

P rogress  in this a r e a  has  been significant. The paper " F o r ~ ~ a ~ l i o n  
of Striations in Ionospheric P la sma  Gloudsl1 (Linson and Workman, E970a) 
i s  the f i r s t  and, to date, only paper in print describing the origin 01 
magnetic field aligned striations in bar ium ion clouds. We have called 
the relevant instability the gradient-drift instability. The principal 
points of this paper were;  a )  the backside of ion clouds (the side closest  
to the neutral  cloud) is unstable to the formation of s t r ia t ions;  b) the 
growth rate  a t  high altitudes ( r ea t e r  than 140 km) scales  a s  uo/d where  
y o  = !ion - xneut ra l  and d = $ V t n N  / where N is the plasma density. 
Both of these points a r e  in agreement  with observations. This paper 
se ts  forth the basic mechanism responsible for  the formation of 
striations.  This a r e a  of r e sea rch  i s  currently very  active because there 



a r e  a number of important factors which modify the basic  t reatment  and 
because the mechanism i s  important for natural  ionospheric phenomena, 
The resul ts  of this paper were  presented a t  the annual meeting of the 
Division of P lasma Physics of the American Physical Society in Los 
Angeles (Linson and Workman, 196 9). 

One of the f i r s t  generalizations of the above work was reported by 
Linson and Workman (1970b) a t  the annual AGU Meeting. This investigation 
considered the stability of various edges around the barium cloud by 
considering different orientations of the density gradient with respect to 
the velocity go.. The conclusions were  that the dependence of the growth 
ra te  on the posltion around the cloud depends on the parameter  $2 7 

( Q  i s  the ion gyrofrequency and 7 i s  the ion-neutral  collision t ime) and 
that a complete analysis should allow a range of orientations of the wave- 
vector k with respect  to the edge. It was found that the growth rate  
maxirni;es nea r  the back edge validating the ea r l i e r  analysis. 

We have also considered the effect of the E-region conductivity on 
the stability of bar ium ion clouds. A simple model shows that the growth 

E C -1 
r a t e  i s  reduced by a factor (1 f C: / E  ) due to the presence of a con -  

E C P P 
ducting E-region. Zp and Cp a r e  the height integrated Pedersen con- 
ductivities in the E-region and the ion cloud respectively, This resul t  
indicates that a low density ion cloud can be stabilized by a highly 
conducting E-region. This resul t  i s  in agreement  with the appropriate 
l imit  of a more  complete t reatment  by Volk and Haerendel (197 1) to be 
published. We have also shown that inductive effects a r e  unimportant 
for  determining stability inspite of the la rge  cur rent  loop in the ionos- 
phere which might be hundreds of kilometers long. 

The next major  improvement in the l inear  stability theory was made 
by including electron collisions in the analysis. Electron collisions 
allow the plasma to diffuse ac ross  magnetic field lines thus stabilizing 
the shor te r  wavelengths giving r i s e  to a minimum unstable wavelength. 
This generalization allowed the theory to be applied throughout the altitude 
range 80 to 250 km. The main resul ts  were that the growth rate  maximizes 
a t  around 98 k m  (for constant applied electr ic  field) but s t i l l  has  a rather 
broad range of unstable wavelengths. The resul ts  of this analysis were  
presented a t  the Upper Atmospheric Currents  and Elec t r ic  Fields 
Symposium (Linson, 1970a, 1970b) in Boulder in August 1970. It was 
pointed out that these resul ts  have important implications for  aurora l  
curtains and for  ion clouds created in and below the E-region. This 
topic has  been the subject of grea t  interest .  Unwin and Knox (1970) 
reported on observations of the gradient-drift  instability in radio aurora, 
and Davis and Althouse (1970) reported on the observations of this in- 
stability in ar t i f ic ial  ion clouds created between 85 and 105 km. These 
observations a r e  in good agreement  with the above theory. 

Considerable progress  has  also been made in the non-linear theory 
of bar ium ion cloud dynamics. An analytic solution of the non-linear 



equations which govern the growth of s t r ia t ions has  been found. The 
resul ts  were  presented a t  the annual meeting of the Division of Plasma 
Physics of the American Physical Society in Washington, D. C. in 
November, (Linson, 1 9 7 0 ~ ) .  The non-linear solution shows that small 
perturbations on the backside of ion clouds develop into long, field- 
aligned sheets hanging back f rom the ion cloud in the direction of the 
neutral  cloud. The analytic solution i s  valid into the fully non-linear 
regime. This theoretical interpretation i s  in excellent agreement  with 
recent observations of bar ium ion clouds viewed nearly up the magnetic 
field lines (Rosenberg, 1971). In a paper presented a t  the annual 
AGU Meeting in Washington, D. C. in April, a quantitative comparison 
between theory and these observations was made (Linson, 1 9 7 1 ) .  
This work needs to be continued and upgraded. 

We have also begun an analytic t reatment  of the non-linear equations 
which govern the deformation of bar ium ion clouds pr ior  to the t ime that 
striations occur. This work shows the steepening on the backside of 
bar ium ion clouds which has consistently been observed to occur, This 
analytic t reatment  a lso seems to provide an explanation a s  to why the 
dimension t r ansve r se  to the magnetic field seems to increase in width 
f a r  fas te r  than would be permitted by classical  diffusion, even with an 
electron shor t  ac ross  the magnetic field lines. It also shows promise 
of providing an explanation for  the appearance of a sharp  density gradient 
on one side of the cloud when viewed f rom two o r  m o r e  widely divergent 
angles. This analysis is very promising and also needs m o r e  work, 
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H. W. F r i edman ,  L. M. Linson, R. M. Pa t r i ck  
and W. E. Pe tschek  

ABSTRACT 

A review of exper imenta l  and theoret ical  work on shock waves in  
p lasmas  where  c las  s i c a l  coll isions a r e  unimportant  i s  presented.  The 
ro l e  of dissipation and dispers ion i n  determining shock s t ruc tu r e  is  de - 
s c r ibe  d and s eve ra l  mechanisms  which can provide the requ i red  dis s ipa-  
tion in  coll isionles s p l a smas  a r e  discussed.  Observations of coll isianles s 
shocks produced i n  l abora tory  exper iments  a s  wel l  a s  the E a r t h ' s  bow 
shock occur r ing  natural ly  i n  space  a r e  described.  C r i t e r i a  a r e  given when 
a shock m a y  be considered thin s o  a s  to be t r ea t ed  a s  a discontinuity for 
flow f ie ld  calculations. Exper imenta l  and theoret ical  a r e a s  where  more  
work  i s  needed a r e  pointed out. 

:::Avco Eve re t t  Resea rch  Labora tory  Resea rch  Report  363, D e c e n ~ b e r  1970, 
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FORMATION O F  STRIATIONS IN IONOSPHERIC BARIUM 
ION CLOUDS::: 

Lewis M. Linson and Joseph B. Workman 

ABS TRACT 

It i s  suggested that  a low frequency "gradient dr i f t ' '  instabil i ty may 
be impor tan t  for  the format ion of s t r i a t ions  i n  ba r ium ion clouds released 
in  the ionosphere  above the E- layer .  The theory predic ts  that  gewlerailiy 
the t ra i l ing edge (with r e spec t  to the neu t ra l s )  of the p lasma cloud . r w i l l  be 
unstable while the leading edge i s  s table ,  i n  qualitative agreement  with 
observations.  The growth r a t e  exhibits a broad maximum as  a function of 
wavelength. The min imum growth t ime  i s  of o r d e r  d /uo where  d i s  the 
typical  density gradient  length and Uo i s  the velocity of the cloud with r e s p e c t  
to neutrals .  Shor t  wavelengths a r e  s tabi l ized by diffusion. Pred ic ted  growth 
t imes  varying f r o m  seconds in  the a u r o r a l  zone a t  high latitude to minutes 
a t  midlati tudes a r e  a l so  in  agreement  with observation. Wavelengths of 
waves with ze ro  phase velocity a r e  found to be given approximately by 
X = 2nd which can be ver i f ied  by optical  observations.  The valriatior of 
the growth r a t e  a s  a function of altitude, wave number ,  and orientation 
around the p lasma cloud has  been examined. 

:.Presented a t  the 5 lS t  Annual Meeting of the American Geophysical 
Union, Washington, D. C. , April  20-24, 1970. 
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PLASMA CLOUD STRIATIONS BETWEEN 80 AND 250 km"' 

Lewis M. Linson 

ABSTRACT 

The p re sen t  paper  r ep re sen t s  a continuation of investigations into the 
applicability of the gradient  d r i f t  instabil i ty to ionospher ic  phenomena, A 
number  of authors  (Maeda, Tsuda, and Maeda, 1963; Tsuda, Sato and Maeda,  
1966; Whitehead, 1967; Whitehead, 1968; Reid, 1968; Tsuda,  Sato,  and  
Matsushito,  196 9; Chimonas, 196 9; Cunnold 196 9 )  have applied this Tow 
frequency instabil i ty ( somet imes  called E x B o r  c r o s s e d  field ii?stabi141-y) 
to explain natural ly  occurr ing i r r e g u l a r l t i e s d u e  to the ver t i ca l  i o n o s ~ l ~ e r i c  
density gradient. I t  has  recent ly  been suggested (Lins on and Workman ,  
1970) that  this s a m e  gradient  dr i f t  instabil i ty i s  responsible  fo r  the forma- 
tion of s t r i a t ions  i n  ar t i f ic ia l  ion clouds r e l ea sed  in  the lower F z-egioxh, 
The purpose of the p r e sen t  paper  i s  two-fold. F i r s t ,  we examine the im- 
plications of the model. u sed  in  a l l  of the above calculations. Second, w e  
extend the previous stabil i ty analysis  (Linson and Workman, 1970) to apply 
to magnet ic  f ield aligned p lasma clouds (e i ther  ar t i f ic ia l ly  o r  naturaliy 
produced) throughout the E and lower F region. 

The analysis  which i s  descr ibed  in  this  paper  i s  l imi ted to anifarm 
columns of ionization para l le l  to the magnetic f ield B, but does pay care- 
ful attention to the requ i rement  of a physically rea l i s t i c ,  self consisxent 
equi l ibr ium solution perpendicular  to B about which to make per turbat ions  
for  a stabil i ty analysis .  In p a r t i c u l a ~ ~ e  r equ i r e  that  unpertu-rbed Io.2 and  
e lec t ron  velocit ies f a r  f r o m  the cloud be constant  and that  proper  a,ccountiilg 
be made  of any c u r r e n t  which flows out of the edge of the p lasma cloud, W e  
show that  when cu r r en t s  a r e  r equ i r ed  to flow only t r ansve r se  to B there i s  
no s teady s ta te ,  non-uniform equi l ibr ium distr ibution of ion densTty wEich 
goes to a constant  a t  l a rge  distances (even when e lec t ron  collisiol-is e--e 
neglected so  that  no diffusion i s  allowed). A two-dimensional density ea- 
hancernent tends to deform resul t ing i n  an i nc r ea se  in the density gradient 
on the backside of ba r ium ion clouds in agreement  with observat '  POYLS, 

The only one- dimensional  density distr ibution consis tent  with csrista-it, 
unper turbed ion and e lec t ron  velocit ies is an  exponential var ia t ion and there- 
fo re  can only descr ibe  an edge of the p lasma cloud. The stabil i ty of this  
z e ro ' t h  o r d e r  model  i s  examined throughout the E and lower F regions under  
the r e s t r i c t i ve  a s  sumption that  J . V N = 0. A s imple  analytic d ispers ion 
re la t ion i s  obtained which shows-that maximum growth r a t e s  occur  around 

:::Presented a t  the 1970 Symposium on Upper Atmospheric Cur ren t s  ant: 
Elec t r i c  F ie lds ,  Boulder, Colorado, August 17-21, 1970. 
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98 k m  for  wavelengths of o r d e r  1/20 the density gradient  length and smaller 
growth r a t e s  exhibit a broad  max imum a t  long wavelengths above 130 km, 
The max imum unstable per turbat ions  around 98 k m  altitude propagate p r e -  
ferent ia l ly  i n  the di rect ion of the density gradient  while a t  higher aititudes 
they propagate preferent ia l ly  perpendicular  to the density gradient ,  For 
high altitude p lasma clouds, we r e l a x  the res t r i c t ion  J Y7 N = Cl by allow- 
ing e lec t rons  to flow f r ee ly  along B for  two cases .  B? relaxing the re -  
s t r i c t ion  i n  f i r s t  o r d e r ,  the conduFting E- reg ion  i s  found to i nc r ea se  the 
stabil i ty of the cloud against  format ion of s t r i a t ions  while relaxing the r e -  
s t r i c t ion  in  ze ro ' th  o r d e r  cor responds  to investigating the stabil i ty of dif- 
f e r en t  port ions of the p l a sma  cloud. Directions fo r  future  work wirl be 
indicated. 



Lewis M. Linson 

ABSTRACT 

The gradient  dr i f t  instabil i ty has  been extended by including e lec t ron  
coll isions to apply to p l a sma  clouds (e i ther  ar t i f ic ia l ly  o r  natural ly  p r o -  
duced) throughout the E and lower  F region. The need for  a s elf - consrsteent 
equi l ibr ium configuration with p rope r  accounting of any cu r r en t  which f lows 
out the edge of the p l a sma  cloud i s  emphasized.  A one-dimensional  slab 
model  represent ing the back edge of a p lasma cloud i s  used to obtain a 
s imple ,  analytic, mathemat ical ly  r igorous  dispers ion re la t ion describing 
the format ion of s t r ia t ions .  The result ing growth r a t e  s ca l e s  as the ratio 
of the e l ec t r i c  f ield to the density gradient  length and can  range f r o m  t: 7mes 
s h o r t e r  than one tenth of a second i n  the  a u r o r a l  zone E - r eg ion  t o  times 
as  long a s  minutes fo r  mid-lat i tude high-altitude ba r ium r e l ea se s ,  The 
broad  spec t rum of unstable waves can  range f r o m  m e t e r s  to hundreds of 
m e t e r s  in  the a u r o r a l  zone E- reg ion  and f r o m  tens to thousands of m e t e r s  
for  mid-lat i tude ba r ium r e l ea se s .  These  resu l t s  suggest  that  a u r o r a l  
cur ta ins  and mid-lat i tude p l a sma  r e l ea se s  i n  the E- reg ion  will  s t r i a t e  
r api  dly. 

'::Avco Eve re t t  Resea rch  Labora tory  A M P  315, September  1970.  
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ANALYTIC SOLUTION O F  NON-LINEAR EQUATIONS GOVERNING 
STRIATION DEVELOPMENT IN IONOSPHERIC PLASMA CLOUDS"' 

Lewis M. Linson 

ABS TRACT 

./_ .t, 

The two-fluid equations which descr ibe  the format ion of s t r i a t i ~ n s " " ~  
i n  high-altitude ba r ium clouds can be reduced to a s imple ,  coupled pa i r  
of non- l inear  differential  equations. These  equations show: 1 )  the re  i s  no 
two-dimensional  configuration of p l a sma  cloud density i n  the plarle per- 
pendicular to B which i s  t ime  independent and 2 )  the backside of p lasma 
clouds m u s t  s teepen i n  ag reemen t  with observations.  The non- l inear  de - 
velopment of s t r i a t ions  on the backside of a p l a sma  cloud has  been obtained 
with the u se  of a one-dimensional  p lasma s lab  model  a s  was  used  i n  the 

.L .l, 

l inear  analysis .  '"" The analytic solution for  density enhancements o r  de- 
press ions  show: 1 )  s t r i a t ions  can  develop into long, f ield aligned shee t s  
extending backwards f r o m  a p lasma cloud; 2 )  density depress ions  grow 
m o r e  rapidly i n  the non-linear reg ime than do enhancements;  3)  contours 
of equal  e lec t ron  density do not coincide with ion displacement con tour s ,  

::: Presen t ed  a t  the Annual Meeting of the Division of P l a s m a  Physics  of 
the American Physical  Society, Washington, D. C. , November 4-5, 197C, 

:I::::L. M. Linson and J. B. Workman, J. Geophys. Res. 75 ,  32 11 (1970)- - 



NON-LINEAR BARIUM ION CLOUD 

Lewis M. Linson 

ABS TRAC T 

A s imple ,  coupled pa i r  of non-linear differential  equations i s  shown 
to be applicable fo r  a descr ipt ion of the dynamics of ba r ium ion clouds re-  
l e a sed  i n  the lower  F - r e g i o n  Two s t r ik ing aspec t s  of the observed  dynamics 
a r e  the i n c r e a s e  in  ion density gradient  and the development of magnetic 
f ie ld  aligned s t r i a t ions  both occur r ing  on the backside of the ion clouds, 
This theoret ical  mode l  which a s s u m e s  negligible diffusion perpe l~d icu la r  
to B adequately descr ibes  these  two charac te r i s t i cs .  Unique observations 
b y N .  W. Rosenberg of a b a r i u m  ion cloud viewed up the magnetic field 
l ines  show that  s t r i a t ions  develop a s  f ield-aligned shee t s  on the backside: 
of the ion cloud i n  the di rect ion of the neu t ra l  cloud i n  quantitative ag ree -  
men t  with a n  analytic solution of the non-linear equations. The major 
points of agreement  between this  theory and observations a r e :  1 )  backside 
steepening; 2 )  s t r i a t ion  development on the backside of the cloud; 3 )  stria- 
tion development a t  the location of max imum density gradient;  4)  striation 
development a s  field- aligned shee t s ;  5 )  peak densit ies never  inc rease ,  A 
deficiency of th is  s imple  model  i s  the  lack of a mechan i sm which determines 
the s t r ia t ion sca le  size. 

:::Presented a t  the 5znd Annual Meeting of the Amer ican  Geophysical Union. 
Washington, D. C . ,  April  12-16, 1971. 


